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_K dfb¨K M?u
dlZ'Meatdf©Jn¨bpaJ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MLfMea3HJMLaÊZjHJMeV3dlhjMPaJ^fZ'b¨a hjMLdf]8H^l¡(°Áa_ZjMehjaJM!Z
]e^faJatML]·Zjb¨Wb¨ZmV¥bcX[ncdla=uJXeª,°ÁagU¯¾LuJdlZjdbcX,]Ldlhjh\bpMLub¨a'^_aJMf¼ X¤Zjh\^_`tX[MLh7sx^W]8_M!Z?¾LbpadrX\K dfn¨nfb¨hjMenpMLXjX7uYMLbc]!M
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d­]!MLn¨np`Jncdlh¥stHJ^faJM_¾t^_hrg r¯¾=¡¢hj^fK5np^W]Ld&Zjb¨^_a%Zj^­np^W]Ld&Zjb¨^_a7¾JZjhjdfatXm¡¢MLh\M?u0Z\^dfaJ^lZjHJMeh¥`tX[MLhL¾=HJbc]8H
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uJdlZjd'MLfMea­¡ dlh\Z\HJMLhL¾_`JaZ\bpnxb¨ZhjMLd_]8HJMLX«Z\HJM;uYMLX[Z\bpatd&Zjb¨^_a7ª dlZjdZ\h8dlatX[¡¢Meho¡¢h\^_K sx^Y]8fM!Z
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HJ^
X[ZjdEV_MLuÄdlZ¥HJ^fK M¯Z\^fatb¨_H_Z#·¾¤Wbpd½np`JMeZ\^W^lZjH7ªGHJbcXsJh\^fZ\^Y]!^_n,KdEV0©=MN`tX\MLuºb¨¡m¾¤¡¢^fh¥M JdlK sJnpMf¾ dEWbcu
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ZjHJM¯atM!Zm(^fhjxª;GHJbcXe¾xHJ^&(MefMLhL¾xdfXjX[`tKNM?XZjHtd&ZaJ^YuYMLX;dlhjMbpn¨npbpaJ­Zj^%]!^_atX\`JK M¯MeatMehjfV%Z\^­¡¢^_h\dlh8u
s=df]8fMeZjXuYM?XmZjb¨aJM?uP¡¢^fhi^fZ\HJMLhjXLª GHJMr]e^fK K ^faN©=MLn¨bpM!¡¿bcXZ\H=d&Z«Z\H=d&ZoX\^fK Mb¨K sJnpMeK MeaZ8d&Z\bp^fa=X«b¨npntX\HJ^&
X\Men¨¦=X\H ©=MLHtdEWb¨^_hLªUWMLn¦xX[H aJ^YuYM?X'b¨npnosth\^f¦JZ¡¢h\^_KTZ\HtM­h\^_`YZ\bpaJÄX\Mehjbc]!M ^fËxMLh\M?u©WV^lZ\HtMeh'aJ^YuYM?Xe¾
©t`YZrZ\HtMeV0b¨npn,aJ^fZrsJhj^&bcuYMZjHJM¯XjdlK MX[MLh\Wbc]!M_ªo°·ª MfªZ\HJMLV%bpn¨nDX[bpnpMeaZ\npV%uYhj^fsºstd_]8fMeZjXruYM?XmZjb¨atMLu%¡¢^fh
^fZ\HJMLhjXLª ¥b¨ËxMLh\MLaZ(X\^fnp`YZ\bp^fatXoHtdEfM©xMeMLa­sJhj^fsx^_X\MLuN¡¢^_huYMeZ\ML]!Z\bpaJPdfatu sxMeatdfn¨bebpaJPX\Men¨¦=X\H©=MLHtdEWb¨^_hLª
GHtMruYM!ZjML]·Zjb¨^_astdlh\ZibcXe¾_b¨a fMLaJMeh8dlnÀ¾l^_©tX[MLh\&dlZ\bp^faY£±©tdfX\MLuPdlatuNKdl_MLX«`=X[M^f¡¤d;Zj^^_nt]edfn¨npMLuo¸e8²_³¦#fª
(¥s=^_aÊX\MeatuYbpaJ0d­std_]8fM!Z?¾xd(dlZj]8HtuJ^fl£±Mea=dl©JnpMLu%aJ^YuYMNn¨bcXmZjMeatXb¨ZjXaJMebpfHW©x^fh?¼ X*!¢bÀª M_ª¥ZjHJMPatM  WZaJ^YuYM
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dlaWV
Kdfn¨bc]!bp^f`tXhjMLd_X[^_a7ª
 }xw¼ sx¦}s1wrLprLL4~L nsse}psNx1nnn nY~LnrÌ~-ntyUw¤   ¼ my1~Ltv!x1pwuLs ~LwvPpsNvLxw¤-}¤L 
Uw¤§-}rLN  &7Ï xnvwxy1s{y1~-+yy1~LrLy{~!wvps}pswUw¤0&4~Lps4ps~Lww¼s~-}vnv-+y1~;2~!-+ye ps4rLw}y|«wx
§ yps|wxUw¤;
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A B C ED
data exchanged
multiple times
during the same
contact
Dbpf`JhjM¥«UWatdffMe£±X\HtdlsxMLuNstdlZ\HtXLªGHJM¥uJdlZjd'sJbpaJsx^fat_Xid'h8dla=uY^fK a`tK¯©xMeho^f¡¤Z\bpKNM?Xo©xM!Zm(MeMLa Z\HJM
uJMLX[Z\bpatd&Zjb¨^_a0at^WuJM !¢MLbZjHJMeh
D
^fh
E
#dlatu0ZjHJMncdfX[Z¥aJ^YuYMb¨Z¥Htd_X¥]e^faZjd_]·Z\M?u¿ª r^lZjMbpaºZ\HJbcXrM YdfK sJn¨M
ZjHtd&ZZjHJM'aJ^YuYM?X
B
dlatu
C
]e^^_s=MLhjdlZ\M;©=M?]edf`tX[M'd sJbpaJ sx^faJ K b¨_HZr^W]L]!`Jhb¨Z\H0ZjHJM'aJM  WZaJ^YuYM_ª
°Áa Dbpf`JhjMf¾xb¨Z;]edfaº©=MPaJ^lZjMLu0Z\H=d&Z¥ZjHJbcXdlZ[Zjd_]8KdEV©xM¯K ^_`JaZ\MLuº©WV%Z\HJMPaJ^YuYM
C
bpa Db¨_`JhjM
!£±d !¢b¨¡
p2
bpX(`tX\MLu #·¾Y©WV Z\HJM;aJ^YuYM
D
bpa Dbpf`JhjMN·£±© !¢b¨¡
p4
bcX(`tX[M?u #·¾Ydfatu­©WV Z\HtM;at^WuJM
E
b¨a Db¨_`Jh\M
!£±]!¢b¨¡
p6
bpX`=X[M?u #·ª
°Áa ^fh8uYMehPZ\^ dfuJuJh\M?X\XZ\HJbcXNsJh\^_©JnpMeKº¾odÊX\atdffM!£ÁX\HtdlsxMLu stdlZ\H K¯`tX[ZN©xMÄ]8HJ^_X\Mea ©WV ZjHJM0X\^f`thj]eM
d_Xrbpn¨np`tX[Z\h8d&ZjMLuÄbpa Dbpf`JhjMNWª' X[atdffMe£±X\HtdlsxMLuºs=d&Z\HÊb¨npnsJb¨atsx^faJ0d­h8dlatuY^_K aW`JKP©=MLh^f¡iZ\bpK MLX
©xM!Zm(MeMLa¬ZjHJMÄuYMLX[Z\bpatd&Zjb¨^_a aJ^YuYMºdla=u¬b¨ZjX aJMLb¨_H©x^fh &¾©=Me¡¢^fhjM0dfh\hjb¨WbpaJÊdlZPZjHJMÄuYMLX[Z\bpatd&Zjb¨^_a7ª GHJM
uJMLX[Z\bpatd&Zjb¨^_a KdEV%©xMPdfaV0^l¡«ZjHJMPZm^­at^WuJMLXb ª Mfª;X[atdffMe£±X\HtdlsxMLu0stdlZ\HtX;X\HJ^f`JncuÄ©xM¯`tX\MLuÄ¡¢^fh¥©x^lZjH7ª
(¥aZ\bpnZjHJM K MLXjX\dffM hjMLd_]8HJMLXZ\HJM uYM?XmZjb¨atdlZ\bp^fa7¾;aJMLbZjHJMeh0Z\HtM3uYM?XmZjb¨a=d&Z\bp^faBaJ^fh0b¨ZjX0aJMebpfHW©x^fhº]edfa
uJM!Z\MLh\K bpaJM;Z\HJM¦=atdln,uJMLX[Z\bpatd&Zjb¨^_a%b¨Z\HÄdNsJhj^f©tdf©Jb¨npb¨ZmV­fhjMLdlZ\MehZ\H=dlaÄ~Jª yYª
,M!ZZ\HJM aJ^YuYM
A
©xMPZjHJMX[^_`Jh8]!MPdfatuÊZ\HJM aJ^YuYM
E
©xMNZ\HJMN¦ta=dln«uYMLX[Z\bpatdlZ\bp^fa3^l¡iZjHJM KNM?X\Xjdl_Mfª
GHtM;s=d&Z\H0^l¡ Z\HJM'K M?X\Xjdl_MbcX]8HJ^_X\Mea0dfX`tX\`tdfn ¾WbÀª M_ª
B, C, D, E
ªGHJMb¨aZ\MLh\K M?uYbpdfh\Vat^WuJMLX
B
dlatu
C
dfh\M¡¢^fh8]!MLu0Zj^­¡¢^_h\dlh8u%Z\HJMNK MLXjX\dffMdfXuYMLXj]!hjbp©=M?u dl©x^&fM_ª¥GHJMea,¾tZjHJMNX\^f`thj]eM
A
Z\^X\X\MLXd­]!^_b¨a
Htbp]8Hº(M¯uYMeat^lZ\M
r
ª°±¡Z\HJM¯h\M?X[`Jn¨ZrbcX
r = 1
¾YZ\HtMeaºZ\HtMstd&ZjH X[MLn¨M?]·Zjb¨^_aºdfn¨_^fhjbZjHJK M YbZ8X !¢b¨Z\HÄZjHJM
^_`YZ\st`YZ
B, C, D, E
#·ª°±¡m¾HJ^&MLfMLhL¾
r = 0
¾lZ\HtMea Z\HtMstd&ZjHbpXidfsJsxMeatuYM?uNZm^d_uJuYb¨Z\bp^fatdfnJHJ^fs=X
D, E
ª
(¥aZ\bpn
r = 1
bpX^_©YZjdfb¨aJM?u¿¾J]!^_b¨a=XdlhjMZj^_XjX[M?u%dfatuZ\HJM'stdlZ\HºbcXdlsJsxMeatuJMLuºdfuJuJbZjb¨^_atdln¿HJ^_stX
D, E
ª
°±Z(bpXb¨K sx^fh\Zjdfa_ZoZ\^aJ^fZ\M¥Z\HtdlZoZ\HtMXjdlK M¥dlnpf^_h\b¨Z\HtK bpn¨nx©=MMeK sJnp^&VfM?uN¡¢^fhX\Mea=uYb¨at¯uJd&Z8dZ\^¯Z\HJM
at^WuJM
D
d_Xi(Menpn ª«GHJMstd&ZjH­b¨npn¤©=MLfbpa­b¨Z\H
B, C, D
¾J]e^fbpatXibpnpn=©xM¥Zj^_XjX[M?u¿¾Wdlatu ZjHJM¥s=d&Z\Hb¨npn¤©=M
dfsJsxMeatuYM?u
E, D
`JaZ\bpn
r = 1
ª
od_]8H0Z\bpKNMZjHJMeVh\M?]!MebpfM;ZjHJM'K MLXjX\dffMf¾ZjHJM'aJ^YuYMLX
D
dfatu
E
¡ d_]!M;Z\HJM¡¢^_n¨np^&bpaJ _`tMLX[Z\bp^fa4
£ÀZ\HJM'K M?X\Xjdl_MbcX mat^lZ ;¡¢^fhK M
£±^fh?¾Y]!^_b¨a%Z\^X\XdEfM
r = 0
hjMLX\`Jn¨Z
 4~Ly1x\µ¬ ´ ¾}ª²°{ps&uLs1lyw}rly1~Lu!x1xnry4uLs1nx2 y~l~!w y~!x{ps& U¡?Í nwry}y    L2pw¦}	
!
wx Upu!ny1ww}y~nwrLr!y1 ! y3 e
Î ÎÀr-ÁÂÂ}Ã
  %	±¸
HJbc]8HZjHJMeV]edfaJaJ^fZdlatX\(Mehob¨Z\H%dsJhj^f©tdf©Jbpn¨b¨ZmVZjHtd&ZbpXofhjMLdlZ\MehiZ\Htdfa
0.5
ªGHJM¥M WsxML]!Z\M?u­]!^XmZ
bpaZ\hj^YuY`t]!M?uÊ©WVÊd0X\atdl_M!£ÁX[Htdfs=M?u stdlZ\H !¢aW`JKP©=MLh'^l¡KNM?X\Xjdl_M¯sJbpaJºsx^faJX©=MeZmMLMeaZ\HJM ¦ta=dlnZm(^
at^WuJMLX #obcXruYMLaJ^lZjMLu
s
dfatuM$`tdlncX
s =
∞∑
i=0
2i × (0.5)i ' 4
°·ª Mfªp¾fX\atdl_M!£ÁX[H=dlsxMLu'stdlZ\HtXDbpn¨nYhjM	`JbphjMo^faPZ\HtMdE_Meh8dl_Mi{¥Zjb¨K M?Xn¨^_aJfMLhD]e^faZjd_]·Z«uY`Jh8d&Z\bp^fa !¢©xM!Zm(MeMLa
ZjHJM'ncdfX[Z(Zm(^ aJ^YuYMLX #oZ\HtdfaÄdNX\bpKNstn¨M'K MLXjXjdlfMZ\h8dla=Xm¡¢MLhbZjHJ^f`YZr]e^^_s=MLhjdlZ\bp^fa0MeaY¡¢^_hj]eMeK MeaZ?ª
     
	  	
°Áa ZjHJbcXX\ML]!Z\bp^fa(MrsJhj^&bcuYMK ^fhjM¥uYMeZjdfb¨npMLu bpaY¡¢^fhjKd&Zjb¨^_a^fasJhj^lZj^W]e^fnJ^_s=MLhjdlZ\bp^fa7¾dlatuNZ8df]8WnpM¥X[^_K M
sxMeh\¡¢^fhjKdlat]eMbcXjX[`JM?Xeª
QaJMs=^X\X\bp©Jn¨M¥b¨K sJnpMeK MeaZ8d&Z\bp^fa^l¡; xDY7WN]edla©=M©J`JbpnZ^fa­d¯MLn¨n¨£ÀWaJ^&a­]e^fatX[Z\hj`t]!Z
]Ldlnpn¨M?u [^faJbp^fa %dfatu sJ`t©Jn¨bc]%fMeV ]eh\VWsYZj^ffh8dlstHVEª ,M!Z
PKi
©xM0Z\HJM0sJ`J©Jnpbc]_MeV ^l¡¥at^WuJM
i
¾idla=u
[data]PKi
uYMLaJ^lZjMZ\HtdlZ
data
bpXrMeat]eh\VWsYZjMLu%bZjH0st`J©Jnpbp]_MeV­^f¡ aJ^YuYM
i
ª
HJ^W^__£ÁX\HtdlsxMLu%std&ZjH0X\`t]8HºdfX
B, C, D, C
]edla0©xM]!^fa=XmZjh\`t]!Z\M?u©WVZjHJM'aJ^YuYM
A
dfX(¡¢^_n¨np^&rX
mid, DATAK , [[[[K, eop]PKC , C]PKAD , D]PKC , C]PKB , B
HtMehjM
£
DATAK
bpXZ\HJMuJdlZjdNMea=]!hjVsJZ\MLu%b¨Z\H0Z\HJMX\ML]eh\MeZfMeV
K
¾
£
mid
XmZ8dlatuJX¡¢^fhK MLXjX\dffM;bpuJMeaZ\b¨¦tMeh?¾
£
eop
XmZ8dlatutX¡¢^fh [MeatuY£À^f¡Ð£ÀstdlZ\H ·ª
£oGHtM'h\bpfHZ\K ^XmZsJhj^lZ\^Y]e^fn¤¦tMLnpu!¢bpaJb¨Z\bcdlnpn¨V
B
#(bcXZ\HJM'atM  WZraJ^YuYM'dfuJuJh\M?X\XLª
(¥s=^_a]!^_a_Z8df]!ZL¾&ZjHJbpXK MLXjX\dffMbcXoX\MeaZi©WV
A
Zj^
B
ª«GHJMrat^WuJM
B
uYM?]!hjVsJZjX)! ^fh?¾fsxMeMencX #DZ\HJM^f`YZjMeh
^_aJbp^fa0npdEV_MehbZjHºbZ8XsJh\bp&d&ZjM'fMeV­dfatu0^f©YZ8dlbpatX
mid, DATAK , [[[K, eop]PKC , C]PKD , D]PKC , C
GHtM0at^WuJM
B
^_©YZjdfb¨a=X
C
dfX aJM WZ at^WuJM ! b¨a=XmZjMLdfu ^f¡
eop
#·ª GHJMLa7¾(`Js=^_a ]e^faZjd_]·Zb¨Z\H
C
¾ZjHJM
K M?X\Xjdl_MbcXX[MLaZZ\^
C
Htbp]8HÄuYM?]!hjVsJZjX(Z\HtM'^f`YZjMeh^faJbp^fa0ncdEVfMehdfatu0^f©YZ8dlbpatX
mid, DATAK , [[K, eop]PKC , C]PKD , D
UYb¨K bpnpdfh\npVf¾,Z\HJM­at^WuJM
C
bpX'at^lZZjHJM¦tatdfnouYM?XmZjb¨atdlZ\bp^fa¬dfatu X[MLatuJXZjHJM­K MLXjX\dffMNZ\^ Z\HJM­bpatuYbc]edlZ\M?u
d_uJuYhjMLXjX
D
`ts=^_aº]e^faZjd_]·Z?ªGHtM;at^WuJM
D
uJML]!hjVWsYZjX(ZjHJM'^f`JZ\Meh^_aJb¨^_a0dfatu0^f©YZ8dlbpatX
mid, DATAK , [K, eop]PKC , C
 wlwuLxr!w¦pnLy~!pLlps-xs1y4uLs1npr{rLpwrÎwu!y1prLL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yy~!
vLx1 }} w}|&y1~Ls1nrLLnx}rL xnpvLpnryw}|nss}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{|«uLp  vLxw(Ly|«x1w y1~Lns{|«+yu!x1nsw}|;y1~LwrLpwr
s1y1x1uLy1uLx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§$y1~LrLwn2|«¦+y1uLxw}|
)&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GHtbpXK MLXjXjdlfM;bcXrX[MLaZ©=df]8Zj^
C
uY`JhjbpaJNZ\HJMXjdlK M']!^_a_Z8df]!ZLª«GHJM'aJ^YuYM
C
^f©YZ8dlbpatX
mid, DATAK , K, eop
dfatu0uYML]eh\VWsYZ8X
DATAK
b¨Z\HºZ\HtMX\ML]eh\MeZfMeV
K
ª
 X\atdl_M!£ÁX[H=dlsxMLu­s=d&Z\HÄ]Ldla0©=M]e^fatX[Z\hj`t]·ZjMLu%b¨aÄd X\b¨K bpnpdfh(dEV_ª
°±Z]edfa©=M;aJ^lZjMLuNZjHtd&Z?¾_ZjHJMdl©x^&fMsJhj^lZj^W]e^fnxdEf^fbcuJXZjHJM¥sth\^Y]!M?X\X\bpaJ¯]!^XmZ^l¡7sJ`J©tn¨bc]¥_MeVNMeat]eh\VWsY£
Zjb¨^_ax§&uJML]!hjVWsYZ\bp^fa,ª(GHJMPuJd&Z8dJ¾tHtbp]8HÊ]Ldlaº©xM¯fMLh\V%npdfh\_Mf¾JbcXrMLat]!hjVWsYZ\M?uºbZjH d­X\VK K M!Zjh\bc]'_MeV
KMLat]!np^_X\MLu­b¨a%Z\HJM;^fatb¨^_a7ªoQaJn¨V ZjHJM;¦tatdfn¤uJMLX[Z\bpatd&Zjb¨^_a%]edfa­¦ta=u­ZjHJM;X\VWK KNMeZ\hjbp]fMLVf¾WHJMLat]!MuYML]eh\VWsYZ
ZjHJM­uJdlZjdJªgo`J©Jnpbp]MLat]!hjVWsYZ\bp^fa¤§&uYM?]!hjVsJZ\bp^faÊbcX'^_aJn¨Vs=MLh[¡¢^_h\K M?u ¡¢^_h'h\^_`YZ\bpaJºh\MLnpdlZ\M?ubpaY¡¢^_h\Kd&Zjb¨^_a
M_ª =ªaJM  WZrHJ^_s0d_uJuYhjMLXjX[M?Xe¾Ydla=u¡¢^_hZ\HJMX\ML]eh\MeZfMeV
K
ª
    	 )   
  
 )  

 MrhjM!Zj`Jh\a ^_`Jhod&Z\Z\MLa_Zjb¨^_a Z\^¯X\atdffM!£ÁX\HtdlsxMLuPstd&ZjHtXLª«QaJM¥sJh\^_©JnpMeK bcX«ZjHtd&ZoZ\HJM¥XjdlK MruJdlZjd'KP`tX[Zo©=M
M J]8HtdlaJ_MLu%^faºZjHJMPdE_Meh8dlfM¡¢^f`thZ\bpK MLX©=MeZmMLMeaºZ\HtM'¦tatdfn7Zm(^aJ^YuYMLXLªGHJbpX¥KdEV%©xM¯]!^_atX\bpuYMLh\M?u
H=dlhjKP¡¢`tnlb¡WZjHJMibcX,uJdlZjdfMLh\V¥n¨^_aJtª   J]8HtdlaJ_b¨atZjHJMoXjdlK MiuJdlZjdX\MefMLhjdfnEZ\bpK MLX7bcX¿MLaJMehjfV;]!^fa=X[`JK bpaJt¾
dfatu0bZh\M$_`tb¨hjMLX(^fa0ZjHJM¯dEfMLhjdffM¡¢^f`JhZjb¨K M?Xrnp^faJ_Mehr]!^_aZjdf]!ZruY`Jh8d&Z\bp^fa=X !Ð¡¢^_hZ\HJM'ncdfX[ZZm(^aJ^YuYMLX #·ª
GHtM]!^_X[Z^l¡DZ\HJM¯KNM?X\Xjdl_Mstb¨aJstb¨aJ­]Ldlaº©xM'fMehjV­KP`t]8Hºh\M?uY`t]!M?u©WV0X[MLstdlh8d&Zjb¨aJNZjHJM'^faJbp^fa%¡¢hj^fK
ZjHJM¯uJdlZjdtªGHJbcXrbcXsx^_XjX[bp©JnpMuY`JM'Zj^Z\HJM'bpatuYbphjML]·Zjb¨^_a uYMLXj]!hjbp©=M?u0df©=^&_MiuJdlZjdbcXMLat]!hjVWsYZ\M?u%b¨Z\H d
X\VWK KNMeZ\hjbp];_MeVZjHtd&ZrbcXMeat]en¨^X[M?ubpa0Z\HJMd_X[VWK K M!Zjh\bc]edfn¨npVMeat]eh\VWsYZjMLu%^faJbp^fa,ª
°ÁaNZ\HtMrsJhj^fsx^_X\MLuP^fsYZjb¨K bLd&Zjb¨^_a7¾&ZjHJMr^fatb¨^_aPbcXiuYMeZjdf]8HtMLu¯¡¢h\^_KvZ\HtMruJd&Z8dHJMeadlnpnJaJ^YuYM?Xh\M?]!MLb¨_M
dÊ]!^fsWV3^l¡ZjHJMK MLXjXjdlfM_ªÊGHJMLa7¾Z\HJM%npd_XmZPZm^ÊaJ^YuYMLXPb¨npnXmZ8dlh\ZZ\^M  J]8Htdlat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hjMe_MLdfn_b¨ZjX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aW`JKP©=MLh^l¡HJ^_stX;Z\^ÄZjHJM ¦tatdfnouYM?XmZjb¨atdlZ\bp^fa7ªJ^_h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fM_ªJ^fhM  JdlK sJnpMf¾x(Mb¨Kdf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K M?X\Xjdl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aJ^YuYM^fhZjHJMsJhjMeWb¨^_`tX(aJ^YuYMfªiGHtbpXsJhj^f©tn¨MLK	]edla0©xM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std_uJuYbpaJ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